Prp2-mediated protein rearrangements at the catalytic core of the spliceosome as revealed by dcFCCS
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Supplementary Materials and Methods
Strains and plasmids
To construct yeast strains with the yEGFP tag at the C terminus of selected proteins, the yEGFP cassette was amplified by PCR from the plasmid pKT209 (purchased from Euroscarf, Frankfurt am Main). We used this PCR product to transform haploid yeast cells from strain 3.2.AID/CRL2101 (Yean and Lin, 1991) , and transformants were selected on synthetic dextrose dropout medium lacking uracil. The correct integration of the tag in the genome was confirmed by PCR, and on the protein level by western blotting. The resulting strains carry a single chromosomal copy of the gene of interest, containing the yEGFP tag, the Candida albicans URA3 marker at their C terminus and in addition a temperature-sensitive Prp2 ATPase (prp2-1). The construction of the yeast strain expressing TAP-tagged Cwc24 was performed as described for yEGFPtagging using the plasmid pBS1539 (Puig et al., 2001) . Primer sequences for yEGFP and TAP tagging are available upon request. Strains containing the yEGFP and the TAP tag used in this work are summarised below.
In vitro splicing and purification of B act Δprp2 spliceosomes
Extracts were prepared from the yeast strains listed below. Yeast cultures were grown at 25°C to OD 600 3-5 and the extract were heat-inactivated for 30 min at 35°C prior to in vitro splicing reactions. Splicing reactions (6 to 36 ml) were incubated for 30-40 min at 23°C with 1.8 nM Atto647N-M3Act wild-type pre-mRNA. To facilitate tracking during spliceosome purification, a fraction of the M3Act pre-mRNA was cotranscriptionally 32 P-labelled (specific activity: 7.000-10.000 cpm/fmole) and mixed with unlabelled Atto647N-M3Act pre-mRNA to give a specific activity of 50-60 cpm/fmole for dcFCCS experiments and 800 cpm/fmole for splicing experiments, respectively. The complexes were purified using the procedure described previously Warkocki et al., 2009) .
Gel analysis
After the splicing reaction, samples were treated with proteinase K, extracted with phenol-chloroform and precipitated with 3 volumes of ethanol. RNAs were separated by electrophoresis on 8% polyacrylamide gels (29:1, polyacrylamide:bisacrylamide) containing 8M urea (UREA-PAGE) and exposed to a Phosphorimager screen (Amersham) or autoradiography.
Dual-colour fluorescence cross correlation spectroscopy (dcFCCS)
dcFCCS allows for the analysis of molecular interactions such as binding or release of proteins in a complex system (Kettling et al., 1998; Földes-Papp and Rigler, 2001; Ohrt et al., 2011) . dcFCCS requires particles labelled with two spectrally separated colours (e.g. green and red). The fluorescence of the labelled molecules is spectrally separated and detected in two channels. The signals are analysed by computing the auto-correlation of each channel and their cross-correlation. If molecules bearing different labels are not part of the same complex, then they will diffuse independently through the confocal volume. In that case, there will be no cross-correlation between both signals. However, if the molecules are part of the same complex, they will form doubly labelled entities. Co-diffusion of the two labels will generate correlated signals in both detection channels and therefore a cross-correlation. The amplitude of the cross-correlation is proportional to the number of doubly labelled molecules and can therefore be used to monitor binding and release reactions (Ricka and Binkert, 1989; Schwille et al., 1997; Földes-Papp, 2005; Mütze et al., 2011) .
Set-up
The 
Computation and evaluation of the correlation data
All correlation curves are calculated by a dedicated software algorithm (Wahl et al., 2003) . In a first step, one calculates the following: the autocorrelation functions (ACFs) of the focal volumes excited by the first green laser (GG 1 ), the second green laser (GG 2 ), the first red laser (RR 1 ), and the second red laser (RR 2 ). Furthermore, one needs the corresponding cross correlation functions between both green (GG X ) and both red (RR X ) focal volumes. In the same way, one computes the correlation functions for photon pairs of which the first photon was excited by the first green laser and the second was excited by the first red laser (GR 1 ), and accordingly GR 2 , RG 1 , RG 2 , GR X , and RG X . Since the laser settings and buffer conditions are always constant during one set of experiments, a blank measurement is done using just the buffer as sample. The computation of the correlation data in absolute units of cps² allows to compensate for the buffer background by simple subtraction of the corresponding blank curves. In this way, one can reduce the number of data for the subsequent data evaluation by setting G n = GG n -GG n 0 , R n = RR n -RR n 0 , and M n = (GR n -GR n 0 + RG n -RG n 0 ) / 2 (where n can take the values {1, 2, and X} and the index 0 denotes the corresponding data of the blank sample). These three sets of data are each fitted independently by a global fit using a standard model based on a appropriate approximation of the molecule detection function (Dertinger et al., 2007) .
Most generally, one finds three types of molecules in solution: A fraction (g) that carries only the green label, a second fraction that carries only the red label (r), and a fraction of complexes that carry both labels (m). From the fits of the correlation curves one obtains the diffusion constant of the molecules, the amplitude 
Hill fitting
Data points were fitted using the Hill equation
where y is the cross-correlation amplitude, x the complex concentration, n the Hill coefficient, K d the binding constant and C a constant taking into account some offset in the cross-correlation amplitude. For the fitting, we set n equal to one, assuming a non-cooperative one-to-one binding behaviour. The mean K d and its error were estimated by a bootstrapping method taking into account the standard deviation of each data point (Boos, 2003) .
Expression and purification of Prp2, Spp2, Cwc24, Cwc25 and Cwc27
Recombinant Prp2, Spp2, Cwc24, Cwc25 and Cwc27 were expressed in E. coli and purified essentially as described previously (Warkocki et al., 2009 ).
Labelling of Cwc25
Cwc25 does not contain any cysteine in its amino acid sequence. For fluorescent labelling we added MGAC to the N-and/or a single cysteine at the C-terminus. The DNA sequence of either construct was confirmed by sequence analysis. The cysteine mutants, Cwc25-N, Cwc25-C and Cwc25-N/C, were labelled with the fluorescent reagent Atto488-maleimide (Atto-Tec). The labelling was performed in 100 mM NaPO 4 -buffer (pH 7.2) which contained 10 µM reducing agent tris(2-carboxyethyl)phosphine (TCEP) (Sigma). The reaction mixture contained 20 nM protein and 2mM Atto488-maleimide, which was added in DMF. The reaction was allowed to proceed at 20°C for 2h. The reaction was stopped by adding GSH. Excess of the reagents was removed by gel filtration on a PD10 gel filtration column equilibrated with GK75. The degree of labelling was calculated according to the manufacturer protocol (Jena Bioscience) and yielded 73% of labelled Cwc25 at the Cterminus and 51% at the N-terminus and 57% of Cwc25-N/C. MATalpha; ade2; his3; ura3, (carrying a G360D substitution in the helicase domain of Prp2) (Yean and Lin, 1991) 
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